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CHAPTER 8 

IMPLICATIONS FOR PRE-SERVICE K-6 TEACHER 
EDUCATION, AND LEARNING OF K-6 SCIENCE 

8.1 REVISITING THE AIMS 

The primary aims of this research were to: 

• Identify and isolate fundamental electric and magnetic concepts, an 
understanding of which is desirable in students at the completion of their 
K-6 education; 

• Investigate pre-service K-6 teachers knowledge and understanding of the 
identified fundamental concepts; 

• Develop an instrument to overcome perceived barriers to the participants’ 
effective learning of the concepts; 

• Explore strategies to improve teacher confidence; and 

• Provide a useful resource to develop fundamental understanding in K-6 
students about specific science concepts. 

A common framework is presented, the research questions are revisited, and 

the emergent themes are mapped and discussed. The chapter concludes with set of 

proposed ideas for future investigation. 

8.2 A COMMON FRAMEWORK 

From a practical standpoint the results of this research are most usefully presented 

in a context and manner that addresses an audience of pre-service teachers, 

teachers, and those responsible for pre-service science teacher education. 

Three major areas were identified by this project, and supported by the 

literature, as underpinning pre-service K-6 teacher education in the science Key 

Learning Area: 

• Content knowledge defined by the syllabus; 

• Knowledge of a variety of pedagogies, and their application; and 

• Confidence to combine the above into effective learning experiences for 
learners. 

Figure 8.1 presents a visualisation of how the relationship and interplay 

between these three areas, contributes to the preparation of an effective classroom 

practitioner. 
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Figure 8.1: A diagrammatic representation of the common framework showing the 

relationship between the three identified areas underpinning the education of 
pre-service generalist K-6 teachers. 

8.3 REVISITING THE RESEARCH PHASES 

To select a vehicle to conduct this study, the research team considered all areas of 

science study defined by the NSW K-6 Science and Technology Syllabus (BoS NSW 

1993). As today’s society is becoming increasingly reliant on electricity, magnetism 

and their interactions, for example communication, entertainment, medicine, 

manufacturing to name but a few, the learning of fundamental electric and magnetic 

phenomena was chosen. 

To meet the aims described above, four phases were designed and 

conducted to investigate six research questions. Following is a brief outline of each 

of the phases. 

8.3.1 Phase I – Expert Interviews 

Semi-structured interviews were conducted with a group of experts to identify 

fundamental concepts of electricity and magnetism, and barriers to their effective 

teaching. These findings informed the genesis of the initial instrument. 

8.3.2 Phase II – Assessing and Enhancing Understanding and Confidence – 
Initial Instrument 

Surveys and observations, with a cohort of second-year pre-service K-6 teachers, 

established their initial understanding, and variation in understanding, of the 

identified fundamental concepts. The relationship between the variation in 
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understanding, and confidence to teach those concepts, was explored. A sequence 

of learning experiences, containing specific interventions, including modelled 

teaching strategies and hands-on exploratory activities, was designed and 

undertaken. The sequence was evaluated in terms of the effectiveness to improve 

conceptual knowledge and understanding, and overcome recognised barriers that 

impact on pre-service teacher perceptions of ‘lack of confidence’ to teach the 

concepts. 

8.3.3 Phase III – Refined Sequence 

A final sequence, incorporating changes recommended by Phase II, was 

qualitatively and quantitatively assessed in terms of its effectiveness to enhance 

conceptual understanding, and to build pedagogical confidence. To provide 

validation of the instrument, the refined sequence was undertaken by a different 

cohort of pre-service K-6 teachers. 

8.3.4 Phase IV – Peer-Teaching 

This phase provided the opportunity to evaluate particular elements of the 

sequence, delivered in a realistic classroom situation, as a learning tool with a whole 

class, and as a teaching tool with small groups of learners. The phase comprised two 

components. 

• A cohort of fourth-year pre-service K-6 teachers, working collaboratively in 
small-groups, investigated, through a rotation of activities, elements of the 
refined sequence. The focus of each of the activities was to explore 
formative assessment as a means to guide future learning as a teacher tool, 
and experience collaborative learning while considering their own 
learning processes. 

• Volunteers from this cohort acted as ‘teacher/observer’ pairs to select, 
prepare and present hands-on, open-ended, problem-solving activities to 
small groups of second year pre-service teachers to achieve defined 
outcomes. These peer-teaching sessions culminated in an evaluation of the 
applicability of the selected activities in a simulated classroom situation, 
the value of formative assessment to guide future teaching/learning 
strategies, and to consider any changes in ‘teacher’ confidence as a 
consequence of the experience. 
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8.4 RESPONDING TO THE RESEARCH QUESTIONS 

To measure the success and scope of this research project, we revisit the six research 

questions set out in Chapter 1. 

8.4.1 Research Question 1 

From a broad community context, what are fundamental key concepts 
in the study of electricity and magnetism that should be explored by K-
6 school students? 

The distillation of twenty-three expert interview responses led to the selection of the 

four fundamental concepts for exploration during subsequent phases of this project. 

They were: 

• Safety with electricity; 

• Efficient energy use; 

• Efficient energy generation; and 

• The motor effect. 

The relationships between these concepts can be visualised 

diagrammatically as in Figure 8.2. 

 
Figure 8.2:  Links between the four Phase I identified fundamental concepts. 
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• Safety – the significant proportion of childhood death and injury resulting 

from accidents involving electricity was expressed as a major concern. This 

finding led to the recommendation of greater emphasis being placed on 

safety with electricity in the K-6 years of schooling, by exploring the 

insulative properties of materials. It was suggested that a hands-on, 

activity-based approach would be most effective at reinforcing the desired 

understanding. 

• Efficient use of electricity – electricity ‘waste’ by society in general, and 

school-age children in particular, was identified as a commonly expressed 

problem. An awareness of ways to decrease electricity use was therefore 

recommended as a desirable outcome of K-6 schooling. Identifying 

inefficient appliances; understanding of the meaning of energy ratings on 

appliances and therefore the costs of running appliances (as reflected in the 

household power bill); were suggested as possible inclusions in the 

curriculum, to achieve this outcome. Coupled with this, participants 

identified a need for K-6 students to be aware of where electricity ‘comes 

from’, and that there are costs (financial and environmental) associated 

with its generation. 

• Efficient generation of electricity – respondents linked electricity use with 

electricity generation, suggesting that in order to promote energy 

(electricity) conservation at a household and personal level, students 

should explore different ways of generating electricity, and the impact that 

electricity generation has on the environment. 

• The motor effect – a fuller understanding of the generation and use of 

electrical energy was recommended by respondents who suggested that 

simple, hands-on, exploratory activities should establish a conceptual 

understanding of how motors and generators work. Consideration of ways 

to investigate, this led to the construction of the initial sequence of activities 

to explore ‘moving a magnetic field can make an electric current’, and ‘electric 

current makes a magnetic field’, undertaken during subsequent phases of the 

project. 
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As pre-service K-6 teachers were the primary data source for the latter 

phases, the modelling of strategies to conduct effective investigations provided the 

context for the development of the initial and refined research instruments. 

8.4.2 Research Question 2 

What are the perceived barriers that may limit the successful teaching 
and learning about fundamental electric and magnetic phenomena? 

The phenomenological analysis stages of the study identified difficulties perceived 

by the experts, and a list of real difficulties identified/experienced by the pre-

service teacher participants. 

The initial Expert Interviews phase provided an insight into why electric and 

magnetic phenomena are not receiving particular attention in K-6 classrooms. It 

revealed a commonality of perceived belief that science in general, and electric and 

magnetic phenomena in particular, are not being effectively taught in K-6 schools by 

a significant proportion of teachers. This opinion was qualified by references to: 

poorly equipped teaching spaces; a confusing and difficult to use syllabus; 

irrelevant content defined by the syllabus; and the apparent low priority placed on 

the teaching of science justified by the need to emphasise literacy and numeracy due 

to mandated external examinations. The majority of the experts, emphatically stated 

that their school experiences with electric and magnetic concepts had not, or had 

only minimally, contributed to any understanding applicable to their vocation, or 

life experience. 

In response to this, the pre-service teacher participants’ experiences of 

science learning in school were explicitly identified during Phases II and III. It was 

revealed that the majority of students had not studied any science beyond the 

compulsory years of schooling. Reasons referred to a perception that science was: 

‘boring’ because of the way it was taught to them; irrelevant to their interest and 

experience; too difficult; and not as important as ‘maths’ or ‘English’. Due to a lack 

of knowledge about science, many stated they would probably resort to 

transmissive pedagogies with which they felt safe and familiar, or avoid teaching it 

at all. 

Some of the identified barriers are common to both experts and pre-service 

teachers. Others were particular to the perceptions of the different groups. The 

barriers identified are summarised and presented in Figure 8.3. 
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Figure 8.3: Barriers to the successful teaching of science to K-6 students as identified by 
Phases I, II and III. 

When considered as a whole, the perceived barriers may be categorised into: 

• Insufficient teacher background content knowledge; 

•  Lack of relevance of content to learners’ experience and interest; 

• Difficult to present activities requiring hard to acquire, or difficult to use 
equipment; 

• Loss of overall control of classroom while implementing ‘experimental’ 
activities; 

• Confusing and poorly planned syllabus and support documentation; 

• Undervalue of science as a Key Learning Area; and 

• Limited awareness of teaching strategies to facilitate scientific exploration 
and investigation. 

A different categorisation leads to recommendations to address the barriers 

with responsibility falling on (but not limited to): 

• Education authorities: 

o Provide professional support to existing teachers; 

o User friendly syllabus and support documentation; and 

o Emphasis on the need to teach science by promotion of its value to 
society, or even mandating external assessment. 

• Pre-service teacher education providers: 

o Modelling of range of pedagogies to meet the needs of range of 
teachers strengths and teaching approaches; 
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o Experience with, and opportunity for, reflection of effective science 
teaching strategies – not just as a ‘hit and miss’ part of a loosely 
supervised practicum; 

o Opportunity to deliver investigative, hands-on exploratory activities 
using simple to use and readily available resources in generalist 
classrooms; and 

o Emphasis on the need to teach science as part of a well-balanced 
approach to generalist education by promoting its relevance. 

8.4.3 Research Question 3 

Within the context of pre-service K-6 teachers, what are the variations 
in the understanding of the identified fundamental concepts? 

During the initial components of Phases II, III and IV, when presented with content 

based questioning, the majority of the pre-service teacher participants demonstrated 

a poor level of content knowledge about electric and magnetic phenomena. It was 

revealed, however, that their knowledge about common aspects of electric 

phenomena was better than that of magnetic phenomena. 

The limited understanding of fundamental concepts of electric phenomena 

was categorised in relation to simple circuit construction, models of the flow of 

electricity through circuits, the generation of electricity, the insulative properties of 

materials, and the meanings of commonly used terms such as voltage, amps, watts 

and kilowatt-hours. 

Analysis of the pre- and post-intervention surveys revealed a significant 

increase in the level of conceptual understanding, and decrease in the demonstrated 

variation. An awareness of the need for continuity of conducting pathways for 

electricity flow was strongly evident at the completion of the sequential activities, 

yet missing in the pre-intervention surveys. Similarly, an understanding of the 

different conductive properties of metals and insulating materials was not evident 

among the majority of pre-intervention responses. However, in the post-

intervention responses, understanding of the concept was manifest in statements 

relating to the need to ensure that electrical appliances are appropriately insulated 

from the user, to avoid electric shock. Responses also highlighted precautions that 

should be taken during electrical storms, particularly with respect to downed 

power-lines. A professed increased understanding of the implications of efficient 

electricity use was also expressed, although some stated that the mathematical 

nature of annotations on power-bills was still an area of limited understanding. 
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Participants also demonstrated an increased awareness of the ways that electricity 

may be generated, and identified the reversible relationship between electric 

generators and the motor effect. 

The knowledge of the application of magnetic phenomena to everyday 

devices was limited to, for the most part, the attractive properties of magnets in the 

pre-intervention survey responses. Confusion with respect to the polar nature of 

magnets was identified, with approximately half of the participants stating that 

magnets had positive and negative ends. Very few acknowledged the role that 

magnetism plays in the generation of electricity, or in electric motors. The assessed 

level of fundamental understanding about magnetic phenomena was higher in the 

post-intervention responses. Participants successfully identified the ‘north’ and 

‘south’ polar nature of common magnets, the attractive and repulsive combinations, 

and were able to explain the working of a compass – previously not identified by 

almost all, as a suspended magnet. Significantly, most respondents clearly identified 

the relationship between moving a magnet inside coils of wire as generators of 

electric current, and the converse, electric current flowing in a coil creates a 

magnetic effect. Most were able to explain that the interaction of magnetic fields, 

whether induced or permanent, was the conceptual understanding needed to 

explain the motor effect. 

These findings guided the construction of the initial sequence of activities as 

a means to address the identified ‘shortcomings’ in conceptual understanding. 

Analysis of the degree of enhancement of the understanding achieved by the initial 

instrument resulted in modifications to some activities, and the incorporation of 

others in the refined sequence. For example, additional activities relating to the 

concepts of: insulation; the relationship between electric motors and generators of 

electricity; magnetic polarity; and magnetic pole interaction causing rotation, were 

included. 

Changes to the modelled teaching strategies involved the incorporation of 

overtly demonstrated formative assessment strategies, and collaborative activities 

requiring peers to explain their observations of, and explanations for, particular 

phenomena. Analysis of the Phase III findings indicates that learners are more 

willing to build conceptual understanding if it involves the assimilation of 

experiential and negotiated explanations of concepts into their existing knowledge 
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structures. This in preference to a situation where they try to modify their personal 

internal knowledge structures in isolation. As one participant put it, 

“We owned the knowledge constructed in this way. It was not something 
owned by someone else, the teacher, and borrowed by us until we forgot it.” 

(SID P4P1W3GLt119) 

8.4.4 Research Question 4 

How is the variation in understanding of the identified fundamental 
concepts of electricity and magnetism reflected in the confidence level 
of pre-service K-6 teachers to teach them? 

Participant confidence to teach the defined concepts was investigated several ways: 

• Conceptual knowledge and understanding was assessed using the pre- and 

post-intervention surveys, and the responses recorded in the interactive 

workbooks; 

• Observations made by the members of the research team qualitatively 

measured: 

o Engagement with the prescribed activities increased over the 
duration of the intervention activities, in terms of participants 
contributing to discussions in a positive and co-operative manner; 

o Enthusiasm exhibited to share observations and explanations as part 
of the Predict-Observe-Explain-Share activities increased as reticence 
to express an opinion diminished, once a collaborative environment 
was established and maintained; and 

o Degree of competence demonstrated in terms of manipulating 
apparatus and equipment used during the hands-on exploratory 
activities as demonstrated by participants undertaking additional 
investigations beyond those prescribed by the intervention activities. 

• Reflections made by the participants during the small-group interviews. 

These described: 

o An increased level of engagement with the prescribed activities as a 
consequence of perceived relevance and/or interest; 

o Enthusiasm to participate in the Predict-Observe-Explain-Share 
activities was identified by participants themselves; 

o Excitement and enjoyment expressed, individually and collectively, 
as evidenced by the behaviour of other group members; 

o Willingness to try other permutations and applications of the 
activities and equipment being used, exemplified by some 
conducting self-designed investigations of phenomena being 
explored, for example, conductivity of common materials. 
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Key contributors to increasing confidence in pre-service participants were, 

therefore: 

• Increased level of understanding; 

• Identification of activities that promote excitement and enjoyment in 
learners. This was particularly identified as a consequence of the successful 
completion of tasks perceived as relevant to the learner; 

• Recognition of the transfer of learning exemplified by effective 
collaborative learning strategies; and 

• Recognition of improvement of ability to manipulate equipment necessary 
to demonstrate fundamental phenomena. 

It is interesting to note that some participants indicated that although their 

levels of knowledge and understanding had been significantly enhanced, their 

increased knowledge highlighted to them how much more they felt they needed to 

know and/or understand, before they could feel confident that their knowledge 

level was at a personally identified adequate level. 

The participants, after Phases II and III, demonstrated an increase in 

conceptual understanding and awareness of teaching strategies. Both of these were 

reflected in an increase in self-perceived competence to teach the fundamental 

concepts due to an improvement in confidence to apply the strategies experienced 

during the sequence components. 

8.4.5 Research Question 5 

Does the integration of Predict-Observe-Explain-Share strategies into 
the 5Es pedagogical model provide an effective means to support and 
enhance K-6 pre-service teachers’ learning of fundamental concepts? 

Within the context of the 5Es (Australian Academy of Science 2007) learning cycle, 

the Predict-Observe-Explain-Share activities were employed to model the first two 

phases: 

• Engage: capture interest and provide an opportunity for the learner to 

personally identify what they know about the concept being explored, 

through their own observations and the shared observations of others, 

thereby helping them to make connections between what they know and 

the new ideas; and 
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• Explore: hands-on activities in which they can investigate the concept or 

skill. They grapple with the problem or phenomenon and describe it in 

their own words. This phase allows students to acquire a common set of 

experiences that they can use to help each other make sense of the new 

concept or skill. 

The elements of the Predict-Observe-Explain-Share strategies may described 

as: 

• PREDICT: describe what is the expected outcome of a specified activity; 

• OBSERVE: record observations of the actual event. These may be 
qualitative or quantitative; 

• EXPLAIN: record an explanation of what happened in the observer’s own 
words, identifying any variation between the predicted and actual 
observation; and 

• SHARE: discuss the variation in observation and explanation in small-
groups of peers, negotiating meaning, and eventually arriving at an agreed, 
shared explanation. 

The Predict-Observe-Explain-Share activities selected for exploration, and 

the reiterative nature of the sequential elements, were informed by Vygotsky’s 

premise that effective learning only occurs within an individual’s Zone of Proximal 

Development (ZPD) as a consequence of personal experience, coupled with 

interaction with a more able individual (Vygotsky 1978). The link between the 

reiterative elements of the sequential components and Vygotsky’s learning model 

may be visualised diagrammatically as presented in Figure 8.4. 
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Figure 8.4: The components of the sequence expressed as reiterative Predict-Observe-
Explain-Share elements (loops), aligned with Vygotsky’s Zone of Proximal 
Development. 

Analysis of participant observations, individual explanations, and 

explanations negotiated as part of the collaborative process, facilitated a comparison 

of the individual and negotiated explanations to provide a means of qualitatively 

measuring conceptual change. It was revealed that some of the Predict-Observe-

Explain-Share activities were more effective at facilitating change than others. In 

constructing an affirmative response to Research Question 5, it must be recognised 

that the more effective activities met two specific criteria: 

• The exploration of the new activity began by extending the existing 

knowledge of the learner within the context of personal experience, or at 

least experience able to be identified as within the realm of the learner’s 

imagination; and 

• The concepts being explored could be linked to that knowledge and 

experience without the links being broken by extending the complexity into 

the distal zone, where no amount of peer or expert support will result in 

conceptual change in understanding. 

Examples of the most successful Predict-Observe-Explain-Share 

interventions derived from simple, hands-on activities incorporating easily 

accessible materials where extrapolation of imagination was a feature. For example, 
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the construction of electromagnets with a single variable promoted the investigation 

of other variables. Specifically, the participants identified, and chose to explore, the 

possible effect of increased number of turns of wire in the coil, the nature of the 

material making up the core of the electromagnet, the amount of the current passing 

through the coil, and the physical dimensions of the coil itself (length and diameter). 

The less effective examples of the Predict-Observe-Explain-Share activities 

met only one, or none of the criteria. For example, the movement of the button 

magnet allowed to free-fall down an aluminium tube did not yield any satisfactory 

explanations of the observed phenomenon. This was identified as a totally new 

phenomenon in terms of the experience of the participants, and although the 

formation of eddy currents was explained during the demonstration, reference to 

this phenomenon in the guided activity workbook responses was limited to those 

participants who had undertaken tertiary physics study. Interestingly, the concept 

of a compass as a suspended magnet was not consolidated with the majority of 

participants until they undertook to build a model compass, demonstrating that 

there had not been a connection previously made between their experience, and the 

observation of the phenomenon of a magnetic needle aligning itself with a magnetic 

field. 

The incorporation of the ‘Share’ component of the Predict-Observe-Explain-

Share activities facilitated the maximum progression of the conceptual 

understanding through their individual Zones of Proximal Development. 

Comparing individual responses to the ‘Explain’ component, with those derived 

from peer-negotiated shared explanations identified this progression. The enhanced 

and identified competence of the participating ‘teachers’ during Phase IV, to 

implement and use formative assessment strategies, was linked to observations of 

specific behaviours, and responses to directed questioning. For example, ‘observers’ 

noted that the ‘teacher’ pointing out aspects of the observations that would 

construct further conceptual understanding could guide the ‘simulated Year 4 

students’ toward the desired conceptual understanding. This was most apparent 

during the compass building activity in terms of the ‘teacher’ demonstrating what 

happens when another magnet is brought near the floating magnet, and then 

removed, highlighting the alignment of the compass with the ‘strongest magnetic 

field in proximity’. 
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It is evident, therefore, that the Predict-Observe-Explain-Share activities are 

most effective when applied in a manner that is not in isolation, but provide an 

overlap of existing, or newly constructed knowledge; in other words, when the 

activities are not introducing new knowledge, but revisiting existing knowledge 

from a different perspective, in a different context. In order to maintain engagement 

with the process, it was pointed out to the participants, in terms of a teaching 

strategy, that the activities provided an opportunity to increase the depth of 

knowledge rather than reiterate the existing knowledge. 

The modelled scaffolded activities prompted considered and reflective first-

hand evaluation of the sequence elements, as a potentially effective teaching 

mechanism for the early career K-6 teacher. By empowering the participants to 

consider the reasons for the effectiveness, or otherwise, of the strategies they 

experienced, their awareness of the value of the integrated formative assessment, to 

facilitate the design, implementation and assessment of pedagogy, was also 

enhanced. 

Several scaffolds (activities, prompts, guidelines and questions promoting 

individual and collaborative responses) were employed to move the understanding 

about electric and magnetic phenomena, identified by the pre-intervention survey, 

toward that recognised as more ‘scientifically correct’. To participants who were 

apparently unfamiliar with electric and magnetic interactions, some of the activities 

were promoting a level of understanding that appeared to fall outside their Zone of 

Proximal Development. For instance, some students were able to identify the 

components of an electric motor, but were unable to link the concept of a brushed 

DC motor being used as a generator. The recognition of this by the participating 

‘teachers’, during the peer-teaching sessions, led to directed discussions between the 

‘teacher’ and the learner(s) about their understanding of specific concepts. This 

resulted in the consideration of comparisons between: what the learner knew to be 

true; what their peers were espousing; and how their personal understanding may 

change, if the alternate explanation provided by their peers, contributed to a change 

in understanding. 

8.4.6 Research Question 6 

Can a peer-learning inquiry-based pedagogy be adopted and used as 
a framework in pre-service science teacher education for learning and 
as a model for teaching? 
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This question was investigated primarily by the implementation of Phase IV 

– Peer-Teaching that comprised two components. The first entailed the modelling of 

the strategies identified as effective by the findings of Phases II and III. A rotational 

sequence of hands-on, problem solving Predict-Observe-Explain-Share activities 

was undertaken by a cohort of EDSE412 final-year pre-service K-6 teachers (for 

course details, see Appendix B). The second component sought volunteers from the 

same cohort to conduct small-group peer-teaching episodes with volunteers from 

the second-year cohort of EDSE213 pre-service K-6 teachers. This provided a 

mechanism to validate the additional activities, and identify any change in 

perceived confidence of the participants, to adopt these strategies early in their 

career. As described in Chapter 7, an anticipated outcome of this component was 

the conduct of constructivist teaching strategies by the volunteer ‘teachers’ with the 

second-year participants, facilitating the practise of the strategies to build 

competence (increased background knowledge and understanding), and confidence 

(first-hand experience of teaching strategies). 

Participants undertaking Component 1 identified the rotational activities as 

effective at establishing and building their conceptual understanding of the 

fundamental concepts presented. It was also acknowledged that the reiterative 

nature of the sequence consolidated the understanding to a similar level regardless 

of the starting point. Feedback gleaned from the small-group interviews indicated 

that modelled strategies were simple and yet exciting, exploratory and yet not 

confusing, relevant and yet not repetitious in terms of previous knowledge or 

experience. Reflections enunciated during these small-group interactions revealed 

that this experience led to a greater awareness of the need for variety in pedagogical 

approach, to K-6 teaching situations. At the completion of the Phase IV peer-

teaching sessions, the ‘teachers’ unanimously expressed a qualified and informed 

satisfaction in their teaching, and enthusiasm for adopting such an approach as 

teachers. 

It is evident, therefore, that the peer-teaching opportunities promoted in the 

participating ‘teacher(s)’, an awareness of how the scaffolding of activities may 

contribute to learners’ model construction and reconstruction. Hence, the ‘teacher’ 

was encouraged to consider what sort of activities facilitated learners in their small 

group, to challenge their personal beliefs, and how this contributed to the 

developed models of the concepts being explored. Furthermore, the participants 
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reported that the small-group teaching sessions provided insight into the variations 

in the dynamics of students’ interaction. The most common aspect of these related 

to the insecurity demonstrated by learners, when it became obvious to them, that 

their explanation of the phenomenon under investigation was ‘least correct’. 

Participants reported that this observation was particularly valuable in terms of 

their awareness of the need to stress that there are no ‘wrong’ answers during the 

Predict-Observe-Explain-Share process, thereby contributing to the building of 

learner confidence. 

It was reported in follow-up interviews that, once initial reticence stemming 

from the fear of being ‘wrong’ was overcome, the opportunity to participate in 

hands-on exploratory activities with small groups of peers, promoted engagement 

in, and enjoyment of, the activities. This highlighted the perception among 

participants that such an approach would contribute positively to the management 

of an active, yet controlled classroom environment, and result in less miscreant 

behaviour among learners, and improved learning opportunities. Most participants 

identified this as a positive contributor to their confidence in terms of their 

classroom/behaviour management skills, implying that the strategies would be 

most enthusiastically trialled in their classroom early in their teaching career. 

The growth of awareness of formative assessment as a desired pedagogical 

tool, that enhanced the skills of the teacher, was reinforced during the peer-teaching 

component of the sequential activities. Such things as responding to questions that 

seek a broader explanation of observed phenomena, or observing increased 

psychomotor skills when completing hands-on activities, were strongly supported 

by those participants given the opportunity to practise their teaching. The ‘teachers’ 

identified specific behaviours and/or responses to prompts that indicated the 

achievement of increased skill, awareness, or understanding of the desired concepts 

or abilities. 

8.5 DISCUSSION 

K-6 teachers tend to place a low priority of the teaching of science and are 

apprehensive to teach it, perceiving science as a hard ‘subject’ to learn, and therefore 

teach, and irrelevant. Pre-service K-6 teachers have a limited knowledge of 

fundamental science concepts, and this is linked to a lack of confidence to present 

science-based activities to their students. Modelling research verified learning cycles 

and teaching strategies leads to an awareness of engaging, inquiry-based 
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explorations of intrinsically relevant and/or topical science concepts. As pre-service 

teachers, the witnessing, and active participation in the teaching of fewer concepts, 

introduces a suite of pedagogical tools, and confidence to apply those tools, from 

the beginning of their K-6 teaching career. The construction of formative assessment 

strategies, as an integral component of teaching plans, encourages an awareness of 

individual learning needs, and facilitates the development of remediatory 

experiences that reinforce the desired conceptual understanding. The 

implementation, in classroom situations, of collaborative learning strategies 

provides opportunities for ‘owned learning’ to be constructed by the individual 

learner, often as a consequence of negotiating an explanation of the observed 

phenomena. 

8.6 CONCLUSION 

Revisiting the three identified areas underpinning the education of pre-

service generalist K-6 teachers, and links to the overall findings, may be represented 

in the diagram Figure 8.4. 

 
Figure 8.5: Schematic overview of the themes derived from the Phases mapped over the 

three identified areas underpinning the education of pre-service generalist K-6 
teachers framework. 

By way of explanation, note the following points: 
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Content Knowledge: appropriate level of knowledge and understanding of the 

content and concepts to be taught. Participants indicated that they could not 

possibly ‘learn’ all the knowledge required in the limited time available in teacher 

education courses, and acknowledged they would have to ‘learn up on it’ prior to 

teaching aspects of the syllabus mandated content. This perceived lack of 

knowledge and understanding led to apprehension about their ability to teach the 

content effectively, negatively impacting on their confidence, and often resulting in 

avoidance of teaching science, or affording it a minimal treatment. 

Pedagogical Awareness: understanding of research supported mechanisms to 

develop knowledge, understanding and skills in learners. Participants suggested 

that less time should be spent in their pre-service education science courses trying to 

‘ingest’ large quantities of apparently irrelevant content, and spend more time on 

learning how, and practising how, to teach science in an exciting, relevant and 

effective manner. 

Confidence: a self-belief that the personally held knowledge and understanding of 

the content, and pedagogies, will combine to provide meaningful and effective 

learning experiences for the students entrusted to be taught in their class. 

Specifically, the findings of this project confirm previously researched 

components of learning. These include: 

• P-O-E is an effective science learning/teaching strategy; and 
• Peer-learning is an effective science learning/teaching strategy. 

Information gleaned from this project includes: 

• For pre-service teachers, teaching one thing really well builds confidence 
and develops a suite of pedagogical tools that provides access to a broader 
investment in the future teaching of science concepts; 

• Pre-service teachers respond favourably to the modelling of teaching 
strategies as part of their pre-service education; 

• Learners prefer to explore phenomena and concepts, that are within their 
sphere of interest, or with which they have had some experience; 

• The addition of a ‘Share’ component to the Predict-Observe-Explain 
learning/teaching strategy effectively aids in: 

o The construction of desired models of phenomena, as a consequence 
of peer-interaction, by incorporating socially familiar language; 

o Developing cooperative skills among learners; 
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o Enhanced teamwork; and 

o Negotiation of explanations that build upon existing models, or 
replace ones that do not conform with observation or experience 
(cognitive dissonance). 

• Emphasis on the identification and application of formative assessment 
strategies that facilitate reflective practise in pre-service K-6 teachers, in 
terms of: 

o How best to identify existing knowledge; 

o Identifying the effectiveness of the learning experiences and 
achievement of desired learning outcomes; 

o The construction of remediatory learning experiences should the 
desired outcomes not be met; and 

o The importance of negotiating additional remedial learning 
opportunities with the individual learner. 

• The linking of formative assessment with additional experiences, in a 
reiterative process, enhances individual opportunity to achieve the desired 
level of conceptual understanding. 

• The open-ended nature of the rotational reiterative process is suited to 
differentiated learning, demonstrating that regardless of the preliminary 
level of the learner’s understanding, or entry point to the process, they can 
still progress. 

The iterative nature of the activities encouraged the development, 

application, and refinement of formative assessment strategies, from the perspective 

of future K-6 generalist teachers. The application of these strategies also led to an 

awareness of where the learner was situated in the continuum of desired conceptual 

understanding: how the learner could be identified as having reached the desired 

level of understanding, and therefore moved to the next level; or indeed if the 

learner was having some demonstrated and defined difficulty, and was therefore in 

need of remediation activities suited to the individual. 

8.7 RECOMMENDATIONS, AND DIRECTIONS FOR FUTURE 
RESEARCH 

This project found that focusing on teaching strategies, rather than a content focus 

on pre-service science teacher education, increased an individuals confidence. The 

essence of collaboration as an effective learning strategy was also identified as a 

builder of teacher confidence. 
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This study primarily utilised hands-on activities to scaffold participants’ 

learning. Future extensions of this research could consider the inclusion of other 

teaching strategies such as simulations or role-plays into the development of 

reiterative sequences. 

As one participant summarised many expressed opinions: 

“In the time we have available, you shouldn’t try to teach us about 
everything we are supposed to teach, just teach us how to teach 
something really well, and we could maybe apply what we learn about 
teaching to the teaching of other topics.” 

(SID P2P2W4GWw117) 

In the context of the K-6 science teacher education programs, the 

identification of the content to be explored could be negotiated with the pre-service 

teachers, reflecting desired practise in real classrooms in terms of responding to 

student questions. Future research could evaluate the impact of reducing the 

covered content, and developing a suite of support materials based on reiterative 

sequential approaches. Such materials could further develop desirable background 

understanding of the concepts such as changes in magnetic flux leading to the 

generation of electric current in conductors. Comparisons between the sequence 

developed by this research project and others based on similar inquiry based 

pedagogical approaches such as PET and Physics by Inquiry (see Section 2.3.4) 

In relation to the theoretical underpinnings of this study, further 

investigation into the relationship between the reiterative Predict-Observe-Explain-

Share sequences, and the progression of the individual learner’s Zone of Proximal 

Development, may provide a valuable insight into developing effective pedagogy. 

A key focus within this future research would be in the area of formative 

assessment. The research team identified the possible value that the application of 

the SOLO taxonomy, developed by Biggs and Collis (1982), would provide a useful 

and relevant framework for researchers and pre-service teachers to develop and 

assess reiterative sequences. 
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APPENDIX A 

 HUMAN ETHICS APPROVAL DOCUMENTATION AND 
FINAL RESEARCH INSTRUMENT 

This Appendix contains the following University of New England, Human Ethics 
Documentation (Approval No. HE09/003, Valid to 30/06/2010): 

 
1. Student – Pre- and Post-Intervention Survey 

2. Assessment Rubric 

3. Guided Activity Booklet – Phase II Research Instrument EDSE213 

4. Guided Activity Booklet – Phase III Research Instrument EDSE213 

5. Guided Activity Booklet – Phase IV Research Instrument EDSE412 

 
Please note: 
I. The Pre- and Post-intervention surveys were applied during each of Phases II and III. 
II. Some pages of the Final Research Instrument Guided Activity Booklet have been 

omitted as they were blank pages seeking responses to open-ended questions posed 
earlier in the booklet as part of the interactive lecture. 

III. Full copies of all data collection documentation are available from the author 
bruce.mcmullen@une.edu.au 
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 APPENDIX A.1 

Electricity and Magnetism 

PRE- AND POST-INTERVENTION SURVEY 

Pseudonym: _____________________________________ 
 
1. List in each of the columns things that use electricity, and those that use magnetism. 
 
Electricity Magnetism 
  

 
(space omitted here) 
 
 
 
2. Please describe what you understand to be the meaning of the term “electricity”. 
 
(space omitted here) 
 
 
 
3. Please describe what you understand to be the meaning of the term “magnetism”. 
 
(space omitted here) 
 
 
 
4. Are there any relationships between electricity and magnetism that you know of? 
 
(space omitted here) 
 
 
 
5. What is the difference between AC and DC? 
 
(space omitted here) 
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6. List all the ways that you know how electricity may be made? 
 
(space omitted here) 
 
 
 
7. Can you describe one way that electricity is made? 
 
(space omitted here) 
 
 
 
8. From your own personal perspective, please rate your confidence in delivering the 

topic of Electricity and Magnetism to Stage 2. 
(circle the number closest) 
 

1 2 3 4 5 6 7 8 9 10 
Least         Most 

 
a. Please identify what areas of Electricity and Magnetism that you believe you are 

confident to teach. 
 
 
 
 

b. Please identify the areas of Electricity and Magnetism you believe you are least 
confident to teach. 

 
 (space omitted here) 
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 APPENDIX A.2 

Electricity and Magnetism 

PRE- AND POST-INTERVENTION SURVEY ASSESSMENT RUBRIC 

 
Category Below Expected Level At Expected Level Above Expected Level 

Definitions    
Electricity Uses Identifies less than 10 

uses of electricity. 
Identifies between 10 

and 15 uses of 
electricity. 

Identifies more than 
15 uses of electricity. 

Electricity Referred to as a source 
of power without 
reference to the 

scientific explanation, 
and without any 

appropriate 
terminology. 

Mention is made to the 
movement of electrons 

or charge, without 
reference to 

conduction, and 
without appropriate 

terminology. 

Defines electricity as 
the movement of 

electric charge through 
space, or electrons 

through a conductor 
incorporating such 

terms as current and 
voltage. 

Uses of Magnets Identifies less than 5 
uses of magnets. 

Identifies between 5 
and 10 uses of 

magnets. 

Identifies more than 
10 uses of magnets. 

Magnetism Refers to the property 
of attraction only. 
Describes poles as 
being positive or 

negative. 
Defines magnets as 

being metals that can 
attract other metals. 

Recognises polarity as 
North and South. 

Describes the 
conditions necessary 
for magnets to attract 

other objects and 
magnets, and to repel 

other magnets. 
No reference to 
magnetic field. 

Refers to, and 
describes the 

conditions necessary 
for both the attractive 

and repulsive 
properties of magnets 

to be exhibited in 
proximity. Describes 

North and South poles. 
Makes reference to 
magnets as having a 

field. 
Identifies metals able 
to exhibit magnetic 

properties. 
Relationship between 

Electricity and 
Magnetism 

None stated. Refers to the term 
‘electromagnet’ 

without describing 
how electromagnets 

work. 

Makes reference to 
electromagnetism 

and/or electromagnetic 
waves. 

Describes 
electromagnets as 
electricity flowing 

through a coil of wire 
wrapped around a 

metal. 
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Difference between 

AC and DC 
None stated. Able to name them as 

Direct and Alternating 
Current. 

Describes them in 
terms of the flow of 

charge/electrons 
through a conductor. 

Sources of/generation 
of Electricity 

Less than 2 identified. Lists between 3 and 5 
sources of electricity 
without reference to 

ways to generate 
electricity. 

Lists at least 3 sources 
of electricity AND at 2 

ways to generate 
electricity. 

Diagrams    
Format of Diagram Drawing representing 

a 3-dimensional image 
of the circuit. 

Diagram contains 
some elements of 

circuit diagram and 
appropriate symbols. 

Diagram resembles a 
circuit diagram. 

Labels No labels provided on 
the diagrams. 

Some of the elements 
of the diagram 

labelled correctly. 

All of the components 
of the diagram 

provided are correctly 
labelled. 

 

Note: Expected Level is defined as a basic understanding that meets the outcome 

statements described in the NSW Science and Technology K-6: Syllabus and Support 

Document (BoS NSW 1993), and further elaborated upon by the Connected Outcomes 

Groups marking rubric for the Curriculum Support arm of the NSW Department of 

Education and Training (2010). 

Each of the student responses to the pre- and post-intervention surveys were 

independently assessed, using the above rubric, by at least two members of the research 

team, to ensure iterator reliability. 
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Electricity and Magnetism 

Teaching Strategies 

 
Team name: ______________________________________________ 
 

 APPENDIX A.3 

EDSE213_2009 – GUIDED ACTIVITY WORK-BOOKLET 

 
 
 Ticking this box signifies that we have read the Participant Information sheet 
associated with this research project and we give our consent for this work to be collected 
and analysed as part of the Electricity and Magnetism Pedagogies for Pre-service Teachers 
project. 
 
This project has been approved by the Human Research Ethics Committee of the 
University of New England (Approval No. HE09/003 valid to 30/06/2010). Should you 
have any complaints concerning the manner in which this research is conducted, please 
contact the Research Ethics Officer at the following address: Research Services. University 
of New England. ARMIDALE. NSW 2351. Telephone: (02) 7673349; Facsimile: (02) 
67733543; Email: Ethics@pobox.une.edu.au 
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WORKSHOP 1. 

1. How would you find out about what your students know about a particular 
concept? Make a list in the left hand column below. 

Discuss your ways with your colleagues and write your amended list in the right hand 
column. 
My list about finding out Collaborated list about finding out 
(space omitted here)  
 
Please turn to page 16 and spend the next 15 minutes completing the pre-intervention 
survey. 
 

2. Predict-Observe-Explain is a well-known teaching strategy where students are 
encouraged to use and develop their observational, recording and thinking skills. 

The example presented is about dropping a button magnet down a piece of aluminium 
tube. 
In the space below, predict what you think will happen. 
 
(space omitted here) 
 
 
 
Watch carefully, and record what you saw happen. 
 
(space omitted here) 
 
 
 
Try to explain your observation. 
 
(space omitted here) 
 
 
 
Share your explanation with your group members – has your possible explanation 
changed? If so, how and why. 
 
(space omitted here) 
 
 
 

3. Another P-O-E. 
In the space below, please draw the circuit shown to you. 
 
(space omitted here) 
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Predict what will happen when the battery is connected in this circuit. 
 
(space omitted here) 
 
 
Record your observation. 
 
(space omitted here) 
 
 
 
Try to explain everything you observed. 
 
(space omitted here) 
 
 
 
Share your explanation. Did your explanation change, and if so, how? 
 
(space omitted here) 
 
 
 
What makes the light glow? With reference to your diagram above, describe, using your 
own words, labels, arrows etc., all of the processes happening in this circuit. 
 
(space omitted here) 
 
 
In collaboration with your other group members, discuss your thoughts about what ideas 
your students may have about this activity. What ideas might your students use to 
explain this activity. 
 
Stage 1 
 
(space omitted here) 
 
 
Stage 2 
 
(space omitted here) 
 
 
Stage 3 
 
(space omitted here) 
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In collaboration with your other group members, discuss and list the difficulties might 
you face trying to teach this component of the syllabus? 
(space omitted here) 
 
 
 
List other activities you would use with your class to explore the concepts associated with 
batteries, lights and wires. 
(space omitted here) 
 
 
 

4. Time to EXPLORE – Magic with Magnets 
You have been given 8 magnets – 2 bar magnets, 2 horseshoe magnets, 2 button magnets 
and 2 fridge magnets. 
 
Play with them to see how they interact. 
 
From the things around you, prepare a list of things that are magnetic and those that are 
not. 
(space omitted here) 
 
 
 
Describe in your own words the properties of each of the different kinds of magnets. 
 
Bar: 
 
 
Horseshoe: 
 
 
Button 
 
 
Fridge: 
 
 
  

5. POEs as a DEMONSTRATION 
Predict - What will happen to the needle of the meter (that is used to measure the flow of 
electricity) when a bar magnet is moved into the big coil of wire 
(space omitted here) 
 
 
Observe – record – share your observations with others in your group. 
Anything you want to try? (student questions) 
(space omitted here) 
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COLLABORATION and DISCUSSION - What have you learned from your 
observations? 
A magnet moving inside a coil makes electricity. 
 
What about the OPPOSITE? What do you think moving electricity inside a coil of wire 
makes ???? 
 
We will explore shall we? 
DEMONSTRATION: coil of wire connected to a battery brought near to a compass. 
 

6. Each of your groups has been given a shaky torch. In the space below, draw and 
label the torch and try to explain what each of the components you have labelled 
actually do. 

 
(space omitted here) 
 
 
 
Compare your explanations with other members of your group and in a separate list, 
record your agreed explanations of the workings of your labelled components. 
 
(space omitted here) 
 
 
 

7. From your own personal perspective, please rate your confidence in delivering 
this to Stage 2. 

 
1 2 3 4 5 6 7 8 9 10 

Least         Most 
 
Please identify what areas of electricity you believe you are confident to teach. 
 
(space omitted here) 
 
 
 
Please identify what areas of electricity you believe you are not confident to teach. 
 
(space omitted here) 
 
 
 
Outline what life experiences you have had, at school or university, dealing with 
electricity and magnetism. 
 
(space omitted here) 
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LECTURE 

NOTE: Feedback Notes for Discussion are not included here: a full copy of these notes is 

provided in Appendix D.5. 

1. Review – the Shaky (Faraday) Torch revisited 
This was an example of an ENGAGE activity. 
Now, it can be an explore activity too – 
Spend the next 10 minutes or so, playing with the torch and, reflecting on what we shared 
and negotiated in the first workshop, try to figure out, in collaboration with your group, 
How does it work? – record – in the space below your negotiated explanation. 
(space omitted here) 
 
 
 
Where does the energy come from? – in the space below your negotiated explanation. 
(space omitted here) 
 
 
 
Discussion – Do you think that Collaboration with your group has amended your 
understanding? 
 
 
2. Make the Globe Light Up. 
You have been given one 'C' cell, one piece of wire, and one light bulb. Devise a way of 
making the light bulb light. 
 
Without looking at your neighbour, please draw a diagram of what you plan to try first. 
(space omitted here) 
 
 
 
Try your way – did it work? If not, try another way, and keep trying until it does – consult 
with others in your group. 
 
Without amending your previous diagram, now that you have solved the problem and 
got it to work, please redraw and label your working design in the space below. 
(space omitted here) 
 
 
 
Report any difficulties you had in getting it to work. 
(space omitted here) 
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If you gave this activity to your students in Stage 2, what would you want them to 
discover/learn? 
(space omitted here) 
 
 
 
3. Making an electromagnet. 
You remember seeing a great activity just using some wire, a nail and a battery. With 
these basic components the demonstrator was able to pick up a paperclip. 
 
You are thinking about using this activity with your class and sit down with your 
colleagues to discuss the best way to do it. 
 
Working collaboratively with the other three members of your group, make a device to 
attract and pick-up a paperclip using a metre of wire, a nail, and a 'C' cell. 
 
 
In this workbook, in your own way (words, diagrams, labels etc.), please describe what is 
happening in your device to make it attract and pick-up a paperclip. 
(space omitted here) 
 
 
6. Does it work as well without the nail in the centre of the coil? Try a different 

centre? Report on your findings. 
(space omitted here) 
 
 
 
7. In the table below, list as many things as you can that involve the use of magnets in 

the first column, identify the type of magnet in the second column, and describe the 
purpose of the magnet in the final column. 

 
Item using a magnet Type/shape etc. of magnet Purpose of the magnet 

(space omitted here)   

 
 
4. How would you explain each of these things to an alien (assuming a common 

language)? 
 
Magnet:  
(space omitted here) 
 
 
 
Electricity: 
(space omitted here) 
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Charge:  
(space omitted here) 
 
 
 
Magnetic field: 
(space omitted here) 
 
 
 
Electric motor:  
 (space omitted here) 
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WORKSHOP 2. 

1. Discussion regarding effectiveness of collaborative learning: 
Does it work? Please explain your answer after discussing it with your colleagues. 
(space omitted here) 
 
 
2. A better electromagnet. 
Reflecting on your activity where you designed and made an electromagnet to pick-up 
one paperclip, consider the following challenges.  
 
Think carefully about how you may amend your design to pick up more paperclips. 
 
Predict how you will change your design, and the change in performance you expect. 
 
Draw and label your new model. 
(space omitted here) 
 
 
Consult with your colleagues and come up with a collaborative design. 
Draw your new negotiated model. 
(space omitted here) 
 
 
Construct your new and improved model. 
 
Observe and record how many paper clips you can now pick up and hold for 5 seconds. 
 
Explain why your improved model works better. 
(space omitted here) 
 
 
 
3. P-O-Es – a review 
Let us reflect upon and discuss the P-O-Es you experienced during the lecture in terms of 
the value of the exercise as a learning experience. 
 
Your turn – in the space below, design your own POE for an electric or magnetic concept 
of your choice for a Year 4 class. 
(space omitted here) 
 
 
Why did you choose this concept ? 
(space omitted here) 
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4. More Definitions 
– what do you know about (guide me to design experiences for you to improve your 
understanding – a form of formative assessment) 
In the space below,  

 
In terms of electricity, what is your understanding of electrical power? 
(space omitted here) 
 
 
 
List from your experience where you have seen the term volts? Share with your 
neighbour. 
(space omitted here) 
 
 
 
List from your experience where you have seen the term amps? Share with your 
neighbour. 
(space omitted here) 
 
 
 
List from your experience where you have seen the term watts? Share with your 
neighbour. 
(space omitted here) 
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5. Making An Electric Motor. 
 
We are going to allow electricity to flow intermittently through a coil of wire and allow 
it to interact with a permanent magnet. 
 
Step 1: make your coil – using 1m of enamelled copper wire 
 
Step 2: shape your paperclips so they will be able to cradle your coil. 
 
Step 3: tape the paperclips to a size ‘C’ dry cell so that the coil spins freely (balancing 
required). Place a small piece of blue tac or plasticine on the bottom of the magnet so it is 
secure. 
 
Step 4: Place a button magnet on the top of the cell and below the coil. If necessary, tap 
the coil to start the motion. 
 
Step 5: If your motor does not work, look around and seek the advice of your 
colleagues. 
 
Equipment provided: 
1m enamelled copper wire 2 paper clips 
1 size ‘C’ dry cell insulation tape 
sand paper blue tac 
 
Draw and LABEL your final motor – in your own words, try to explain how it works. 
 
(space omitted here) 
 
 
 
What was the most interesting part of building the motor for you? 
 
(space omitted here) 
 
 
 
Can you think of anything you could do with your motor to make it a better activity 
with your students? 
 
(space omitted here) 
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6. A Review. 

o From the list of activities you experienced during the Electricity and Magnetism 

sequence, please identify ONE activity you enjoyed during the Electricity and 

Magnetism sequence you experienced and explain why you chose it – what did you 

learn from the activity? 

(space omitted here) 
 
 
 
o Now that you have worked a little with compasses, can you describe how a compass 

works? 
 
(space omitted here) 
 
 
 
o Can you think of any other things that compasses could be used for apart from 

pointing a particular direction? 
 
(space omitted here) 
 
 
 
o Now that you have built an electric motor, please describe the purpose of: 

 
! The coil: 

 
(space omitted here) 
 
 
 

! The magnet: 
 
(space omitted here) 
 
 
 
o An interesting result from the lecture notes and worksheets I have analysed suggests 

that there is some confusion about the poles of a magnet. Some of you described the 
ends of a magnet as positive and negative, whilst others named the poles as North 
and South. Can you describe a possible reason for of this confusion, and how would 
you as a teacher may address it? 

 
(space omitted here) 
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Electricity and Magnetism 

Teaching Strategies 

 
Team name: ______________________________________________ 
 

EDSE213_2010 – GUIDED ACTIVITY WORK-BOOKLET 

 
 
 Ticking this box signifies that we have read the Participant Information sheet 
associated with this research project and we give our consent for this work to be collected 
and analysed as part of the Electricity and Magnetism Pedagogies for Pre-service Teachers 
project. 
 
This project has been approved by the Human Research Ethics Committee of the 
University of New England (Approval No. HE09/003 valid to 30/06/2010). Should you 
have any complaints concerning the manner in which this research is conducted, please 
contact the Research Ethics Officer at the following address: Research Services. University 
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You will use this workbook for the two lectures, today and next week. 
The workbook will be collected from you at the end of the lecture, 
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LECTURE 1. 

1. How would you find out about what your students know about a particular 
concept? Make a list in the left hand column below. 

Discuss your ways with your colleagues and write your amended list in the right hand 
column. 
My list about finding out Collaborated list about finding out 
(space omitted here)  
 
Please turn to page 18 and spend the next 15 minutes completing the pre-intervention 
survey. 
 

2. Predict-Observe-Explain is a well-known teaching strategy where students are 
encouraged to use and develop their observational, recording and thinking skills. 

The example presented is about dropping a button magnet down a piece of aluminium 
tube. 
In the space below, predict what you think will happen. 
(space omitted here) 
 
 
 
Watch carefully, and record what you saw happen. 
(space omitted here) 
 
 
 
Try to explain your observation. 
(space omitted here) 
 
 
 
Share your explanation with your group members – has your possible explanation 
changed? If so, how and why. 
(space omitted here) 
 
 
 

3. Another P-O-E. In the space below, please draw the circuit shown to you. 
(space omitted here) 
 
 
 
Predict what will happen when the battery is connected in this circuit. 
(space omitted here) 
 
 
Record your observation. 
(space omitted here) 
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Try to explain everything you observed. 
(space omitted here) 
 
 
 
Share your explanation. Did your explanation change, and if so, how? 
(space omitted here) 
 
 
 
What makes the light glow? With reference to your diagram above, describe, using your 
own words, labels, arrows etc., all of the processes happening in this circuit. 
(space omitted here) 
 
 
In collaboration with your other group members, discuss your thoughts about what ideas 
your students may have about this activity. What ideas might your students use to 
explain this activity. 
 
Stage 1 
(space omitted here) 
 
 
Stage 2 
(space omitted here) 
 
 
Stage 3 
(space omitted here) 
 
 
 
In collaboration with your other group members, discuss and list the difficulties might 
you face trying to teach this component of the syllabus? 
(space omitted here) 
 
 
 
List other activities you would use with your class to explore the concepts associated with 
batteries, lights and wires. 
(space omitted here) 
 
 



 
 

 
 

268 

LECTURE 2. 

1. Time to EXPLORE - What things are magnetic? 
You have been given 8 magnets – 2 bar magnets, 2 horseshoe magnets, 2 button magnets 
and 2 fridge magnets. 
 
Play with them to see how they interact. 
 
From the things around you, prepare a list of things that are magnetic and those that are 
not. 
(space omitted here) 
 
 
Describe in your own words the properties of each of the different kinds of magnets. 
 
Bar: 
 
 
Horseshoe: 
 
 
Button 
 
 
Fridge: 
 
 

2. Each of your groups has been given a shaky torch. In the space below, draw and 
label the torch and try to explain what each of the components you have labelled 
actually do. 

(space omitted here) 
 
 
Compare your explanations with other members of your group and in a separate list, 
record your agreed explanations of the workings of your labelled components. 
(space omitted here) 
 
 

3. POEs as a DEMONSTRATION 
Predict – The equipment set up is a coil of insulated copper wire in a circuit with a large 
demonstration meter that measures the flow of electricity) 
Predict what will happen when a bar magnet is moved around near to, but outside the 
coil. 
(space omitted here) 
 
 
Observe and record your observations. 
(space omitted here) 
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Predict what will happen when a bar magnet is moved into the coil. 
(space omitted here) 
 
 
Observe – record your observations. 
(space omitted here) 
 
 
Predict what will happen when a bar magnet is moved back out of the coil. 
(space omitted here) 
 
Observe – record your observations. 
(space omitted here) 
 
 
Predict what will happen if the magnet is stationary. 
(space omitted here) 
 
 
Anything you want to try? (student questions) 
 

4. COLLABORATION and DISCUSSION - What have you learned from your 
observations? 

A magnet moving inside a coil makes electricity. 
 
What about the OPPOSITE? What do you think moving electricity inside a coil of wire 
makes ???? We will explore shall we? 
 

5. DEMONSTRATION: coil of wire connected to a battery brought near to a 
compass. 

 
From your own personal perspective, please rate your confidence in delivering this to 
Stage 2. 
 

1 2 3 4 5 6 7 8 9 10 
Least         Most 

 
Please identify what areas of electricity you believe you are confident to teach. 
(space omitted here) 
 
 
Please identify what areas of electricity you believe you are not confident to teach. 
(space omitted here) 
 
 
Outline what life experiences you have had, at school or university, dealing with 
electricity and magnetism. 
 
(space omitted here) 
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Electricity and Magnetism 
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Workshop Time ____________________ 
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project. 
 
This project has been approved by the Human Research Ethics Committee of the 
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WORKSHOP 1. 

1. Station: What’s the Connection 
On the bench are 8 numbered examples of different types of wire. 

Description of the 
Wire (number) 

Where do you think this kind 
of wire is used? 

What particular characteristic 
of this wire makes it suitable 
for the use you described? 

(space omitted here)   
 

2. Station: That’s Shocking – conductivity and insulation 
Step 1: Setup the multimeter (check your photocopy for the correct setup of the meter). 
EXPLORE the items provided. 
Share your findings with other group members. 
 
Step 2: Write what you have learned in the space below. 
(space omitted here) 
 
 
Step 3: Comment on how this activity could help you achieve the following NSW Stage 3 
syllabus dot point. 
 
• works collaboratively to research, develop a storyboard and a multimedia presentation for 
communicating about electrical safety. 
(space omitted here) 
 
 

3. Station: Connecting Energy 
You are supplied with 3 ‘motors’, 4 pieces of wire with alligator clips, a piece o plastic 
tubing, and one source of electricity. Connect two of the motors with the piece of plastic 
tube so that when one motor is running, it makes the other one rotate as well. Connect the 
other motors to the joined two in any combination you like using only the wires and clips 
provided. 
 
Can you (from your recollection or experience in this activity) suggest/deduce any 
scientific principals or laws. Diagrams may help. 
(space omitted here) 
 
 
If the first motor is powered by electricity, what makes the other two go? 
(space omitted here) 
 
 

4. Station: Making Circuits 
You have been given one 'C' cell, one piece of wire, and one light bulb. Devise a way of 
making the light bulb light. 
 
Without looking at your neighbour, please draw a diagram of what you plan to try first. 
(space omitted here) 
 



 
 

 
 

272 

Without amending your previous diagram, now that you have solved the problem and 
got it to work, please redraw and label your working design in the space below. 
(space omitted here) 
 
 
 
Report any difficulties you had in getting it to work. 
(space omitted here) 
 
 
 

5. Station: Making Electricity 
Connect one wire from the coil to a connection on the meter. Connect the other wire from 
the coil to the other connection on the meter. Now…. 
With the different magnets, 
 
Explore, explore, explore (play, play, play) 
 
Get in an use your senses, observe (qualitative and quantitative), suggest, experiment 
with the different movements and positions of the magnets into, out of, fast, slow, 
stationary, outside of… the coil. 
 
Can you (from your recollection or experience in this activity) suggest/deduce any 
scientific principals or laws. 
 
 
 

6. Each of your groups has been given a shaky torch. In the space below, draw and 
label the torch and try to explain what each of the components you have labelled 
actually do. 

(space omitted here) 
 
 
 
Compare your explanations with other members of your group and in a separate list, 
record your agreed explanations of the workings of your labelled components. 
(space omitted here) 
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WORKSHOP 2. 

1. You remember seeing a great activity just using some wire, a nail and a battery. 
With these basic components the demonstrator was able to pick up a paperclip. 

 
You are thinking about using this activity with your class and sit down with your 
colleagues to discuss the best way to do it. 
 
Working collaboratively with the other three members of your group, make a device to 
attract and pick-up a paperclip using a metre of wire, a nail, and a 'C' cell. 
 
 
In this workbook, in your own way (words, diagrams, labels etc.), please describe what is 
happening in your device to make it attract and pick-up a paperclip. 
(space omitted here) 
 
 

2. Does it work as well without the nail in the centre of the coil? Try a different 
centre? Report on your findings. 

(space omitted here) 
 
 

3. In the table below, list as many things as you can that involve the use of magnets 
in the first column, identify the type of magnet in the second column, and describe 
the purpose of the magnet in the final column. 

Item using a magnet Type/shape etc. of magnet Purpose of the magnet 
(space omitted here)   

 
4. How would you explain each of these things to an alien (assuming a common 

language)? 
 
Magnet:  
 
 
Electricity: 
 
 
Charge:  
 
 
Magnetic field: 
 
 
Electric motor:  
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LECTURE EDSE412 
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Workshop Time ____________________ 
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Pseudonym: _____________________________________ 
 
 
 
 Ticking this box signifies that I have read the Participant Information sheet 
associated with this research project and I give my consent for this work to be collected 
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project. 
 
This project has been approved by the Human Research Ethics Committee of the 
University of New England (Approval No. HE09/003 valid to 30/06/2010). Should you 
have any complaints concerning the manner in which this research is conducted, please 
contact the Research Ethics Officer at the following address: Research Services. University 
of New England. ARMIDALE. NSW 2351. Telephone: (02) 7673349; Facsimile: (02) 
67733543; Email: Ethics@pobox.une.edu.au 
 
 
 
 
 
 
 
 
 
This workbook will serve as source of data for my project, and for the 
recording of any notes, observations or responses to questions you feel 
appropriate. At the end of the lecture and workshop, with your 
permission, I will copy your responses and return the original 
workbook to you for your own reference. 
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Introduction 

This project is all about providing you with knowledge about concepts and teaching 
strategies that will better prepare you to teach science competently and confidently as 
soon as you begin your teaching career. 
 

The 5Es 

During this lecture, we will discuss elements of the 5Es approach, and you are invited to 
record your notes in the pages that follow. 
 
In light of the anticipated national curriculum, the Australian Academy of Science has 
developed and is promoting a series of K-6 units under the banner of Primary 
Connections. They have adopted the 5Es approach as a learning cycle: 

ENGAGE: To create interest and inspire the students and elicit prior knowledge; 

EXPLORE: To provide hands-on shared experiences of the phenomenon; 

EXPLAIN: To develop scientific explanations for their personal experiences in terms 
of conceptual understanding; 

ELABORATE: To extend or apply their understanding to a new context, or make 
connections to additional concepts through a student-planned investigation; and 

EVALUATE: To celebrate the learning, the students re-represent their 
understanding and reflect on their learning journey. It is in this stage that teachers 
actively collect evidence of achievement and outcomes. 

(Australian Academy of Science 2007) 

 
Predict-Observe-Explain-Share 

An integral component of the learning cycle is the application of a Predict-Observe-
Explain strategy. In line with Constructivist principals of learning, incorporated in this 
strategy is a component that will involve you working collaboratively with your peers – a 
practise proven to be effective in real classrooms. This is called the SHARE component. 
The basic elements are: 

Initially, you will work individually to: 

PREDICT: describe what you expect to be the outcome of specified activities; 

OBSERVE: record your observations of the actual event; and 

EXPLAIN: record an explanation of what happened in your own words, and 
identify how their prediction varied from the actual observation. 

With your colleagues, you will then collaborate to: 

SHARE: discuss the variation between your observations and explanations, 
eventually arriving at an agreed, shared description. 
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• POES 1 – how do 2 bar magnets interact when you put their ends together? – 
like/unlike ends 

 
• POES 2a – electromagnet (no core) surrounded by mini compasses 

 
• POES 2b - electromagnet (iron nail core) surrounded by mini compasses 

 
• POES 2c - electromagnet (iron nail core) surrounded by mini compasses – reverse 

wires in the battery to reverse the direction of the current 
 

• POES 2d – testing different materials as the core of an electromagnet surrounded 
by mini compasses – which works best? 

 
• POES 3a – investigate the interaction between an electromagnet and a fixed button 

magnet 
 

• POES 3b - interaction between electromagnet and fixed button magnet – reverse 
wires 

 
For each of the POES activities, record your predictions, observations and explanations in 
the tables below. Only after you have recorded your personal explanation, discuss your 
findings with other members of your group and arrive at an agreed explanation. Record 
the explanation in the table also. 
 
Prediction Observation Explanation 
(space omitted here)   
Negotiated and agreed explanation 
(space omitted here) 
(a table was provided for each of the seven POES) 
 

Definitions 

How would you explain these terms to a Year 4 student if they asked? 
 
Electrical power 
_____________________________________________________________________________ 
 
Volts 
_____________________________________________________________________________ 
 
Amps 
_____________________________________________________________________________ 
 
Watts 
_____________________________________________________________________________ 
(each response was allocated 5 lines in the workbook) 
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Measuring Electrical Power 

To calculate electrical power, we multiply volts by amps. 
 
Power  =  volts  X  amps 
 
We can measure these two things in an electrical circuit with a multimeter. 
 
The first thing we measure is voltage (set to V on the multimeter – attached across the 
thing we are measuring). 
The second thing is the amps (set to A on the multimeter – in the flow of the electricity in 
the circuit. 
 

 
In this example, the power of the light bulb is _____ volts  x  ______ amps  = _______ 
Watts 
 
In this workshop, YOU are going to do calculations for the power that is produced by 
some solar cells. You will also work out the power of some small electric motors. 
 
Some examples 
Power (Watts) Volts Amps Found? 
 12 5 Car lights 
1000 250  Household bar 

radiator 
60 250  Old light bulb 
15 250  Fluorescent light 
 12 9 Speakers 
 3 .25 iPod 
.36  .95 Mobile phone 

Voltmeter connected 
across the Light bulb 
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Measuring Mechanical Power 

We also have access to mechanical power 
– power to move things 
– power to push something (the power is needed to overcome what?), 
– or lift something (the power is needed to overcome what?) 

Mechanical power is dependent on what??? 
Power  =  mass  x  gravity  x  height 

            Time 
For example: 
What is the power of a motor that can pump 30 litres of water (30kG) up a 2m pipe in 1 
minute (60 seconds)? 
 
P = 30  x  10  x  2 
   60 
 
 
P = ________ W 
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WORKSHOP EDSE412 

Tuesday April 27th 2010. 
 
Workshop Time ____________________ 
 
Remember your pseudonym. 
 
Pseudonym: _____________________________________ 

ACTIVITY 1: HOW DOES A COMPASS WORK? 

Background Information 
What is a compass? Does it always point north/south? What effect does bringing a 
magnet near a compass have? Can you make a compass? Can you see a magnetic field? 
Can you see the Earth’s magnetic field? 
These are the sort of questions you can expect to be asked by your students when you talk 
about magnets and compasses. 
 
If you were told that a compass is simply a magnet suspended somehow so that it can 
move, how would you go about making one? 
 

Equipment Provided: 
Bar Magnets 
Polystyrene Sheet 
String 
Sticky tape 
A large dish 
 
Use some or all of the equipment provided to make a compass. Draw your end product. 
 
(space omitted here) 
 
 

Magnetic Field 
You have probably heard that the Earth has a magnetic field and that compasses line up 
with the Earth’s magnetic field. 
 
See if you can cause the compass that you made to change its alignment? 
Describe what you do and the observations you make. 
 
(space omitted here) 
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ACTIVITY 2: CONNECTING ENERGY 

Consider the setup in the diagram below. 

 
Describe what happens when each of 1, 2 and 3 are connected to a battery. 
(space omitted here) 
 
 
What would you call each of 1, 2 and 3. 
(space omitted here) 
 
 
If 2 is connected to 1 with a just a piece of plastic tube, describe what happens when 1 is 
connected to a battery (can electricity get from 1 to 2?). 
(space omitted here) 
 
 
If 3 is connected to 2 using wires and 2 connected to 1 using the tube and 1 is connected to 
a battery, describe what happens. 
(space omitted here) 
 
 
Provide an explanation in your own words. 
(space omitted here) 
 
 
Share your explanation with other members in your group and record your agreed 
explanation. 
(space omitted here) 
 
 
Where did the energy to run 3 come from? 
(space omitted here) 
 
 
Can you (from your recollection or experience) suggest/deduce any scientific principals 
or laws. Diagrams may help. 
(space omitted here) 
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ACTIVITY 3: HOW EFFICIENT IS A SMALL ELECTRIC MOTOR? 

Background Information 
 
Recall the equation: 
 
•Power       =!!!!!Mass  X  Gravity  X  Height 

              Time 
 
•Power = Watts 
•Mass = kiloGrams 
•Gravity = 10m/s2 
•Height = Metres 
•Time = Seconds 
 
The power that goes into the motor  
We can calculate the power that goes into an electric motor using the equation P = VI. 
Some of this power going in us used up overcoming friction, making heat and noise. 
 
We can calculate how much power the motor produces by lifting weights over a certain 
distance and timing how long it takes. 
 
We can then compare the two to determine what percentage of the power going into the 
motor actually is used by the motor to lift something. 
 
 
 
You are provided with the following equipment to conduct this investigation: 
retort stand  2 1.5 V cell and holder 
bosshead  2 multimeter   2 
clamp   2 wires with alligator clips 6 
plastic holder  2 cotton thread   1.5m 
Skewer metre ruler 
plastic tube  5cm Plasticine 
electric motor scales 
 
 
 
On the last page of this workbook, discuss with your colleagues and design a step by step 
sequence you would recommend to your students to complete the assigned task. 
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ACTIVITY 4: POWER FROM THE TRIPLE MOTORS 

 
Let us do some measurements of the motors set up in line. 

 
Voltage into Motor 1 Current (Amps) into Motor 

1 
Calculated Power into 
Motor 1 

(space omitted here)   
Voltage out of Motor 2 Amps out of Motor 2 Calculated Power out of 

Motor 2 
(space omitted here)   
Voltage into Motor 3 Amps into Motor 3 Calculated Power into 

Motor 3 
(space omitted here)   
 
Where did the power go? 
 
If your car has a 12 volt electrical system, how much current (amps) passes through a 
100W headlight? 
(space omitted here) 
 
Your domestic electricity supply is rated at 240V. How much current passes through a 
heater that has a power rating of 1000W? 
(space omitted here) 
 
How much electricity would a 600W microwave use if it was used to heat a cup of water 
for 1 minute? (Note 1KWh = 1000 watts used by an appliance for an hour.) 
(space omitted here) 
 
If 1 KWh costs 25cents, how much does it cost to run a 1000W heater for 4 hours? 
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ACTIVITY 5: MAKING AN ELECTRIC MOTOR. 

 
We are going to allow electricity to flow intermittently through a coil of wire and allow 
it to interact with a permanent magnet. 
 
Step 1: make your coil – using 1m of enamelled copper wire 
 
Step 2: shape your paperclips so they will be able to cradle your coil. 
 
Step 3: tape the paperclips to a size ‘C’ dry cell so that the coil spins freely (balancing 
required). Place a small piece of blue tac or plasticine on the bottom of the magnet so it is 
secure. 
 
Step 4: Place a button magnet on the top of the cell and below the coil. If necessary, tap 
the coil to start the motion. 
 
Step 5: If your motor does not work, look around and seek the advice of your 
colleagues. 
 
Equipment provided: 
1m enamelled copper wire 2 paper clips 
1 size ‘C’ dry cell insulation tape 
sand paper blue tac 
 
Draw and LABEL your final motor – in your own words, try to explain how it works. 
 
(space omitted here) 
 
 
 
What was the most interesting part of building the motor for you? 
 
(space omitted here) 
 
 
 
Can you think of anything you could do with your motor to make it a better activity 
with your students? 
 
(space omitted here) 
 
 
Deconstruction an Electric Motor 
Now that you have build a working model of an electric motor, how similar is it to the 
real thing. You are provided with a small 1.5V electric motor. Pull it to pieces and draw 
and label the components. Now try to describe the purpose of each of the components 
and match them to the components of the model you built. 
 




